IN response to the kind invitation of the Section, I propose to develop certain neN ideas with regard to the curious syndrome of synchronous and rhythmic palatopharyngo-laryngo-oculo-diaphragmatic myoclonus. The name more frequently employed for this syndrome in neurological literature is " nystagmus of the soft palate ", which is not, in my opinion, a good term, presupposing as it does an analogy with the common ocular nystagmus, which is an entirely different phenomenon. Herbert R. Spencer, who, in a remarkable observation published in 1886, created the term " pharyngeal and laryngeal nystagmus " has himself stated, in a second communication, that this term is not altogether accurate, and has employed instead the word " clonus ". It gives me great pleasure, at the beginning of this lecture, to pay homage to the British physician, Herbert R. Spencer, who, at a time when it was unknown, drew the attention of neurologists to this subject.
to the minute, and involved the soft palate, the larynx, the muscles of the floor of the mouth and of the root of the tongue, and possibly, but more doubtfully, the eyeballs. Finally, the patient suffered from an auditory paralysis, which had led to his being examined. The myoclonus in Kupper's case was of more widespread distribution than that observed by Herbert R. Spencer (in 1886), in a little girl suffering from a cerebral tumour.
I do not intend to quote all the cases which have been published, although I shall have occasion to refer to several of them later. I should mention, however, the interesting anatomical observations made by Foix and his collaborators in France, and also three cases shown here at the Section of Neurology of the Royal Society of Medicine, by S. A. K. Wilson in 1928,1 by A. Gilpin in 1931,2 and by D. Denny-Brown in 1934.3 I have had the opportunity of observing personally several cases at the Salpetriere, and these I have studied at considerable length, from both the clinical and pathological standpoints, with my collaborators Pierre Mollaret and Ivan Bertrand. The data provided by the medical literature, and my own data, enable us to arrive at certain definite conclusions with regard to this syndrome. It is with this end in view that I intend to consider the subject, from the clinical and the physio-pathological view-points.
CLINICAL I shall first of all call to your mind the clinical features of the syndrome as far as they can be classified according to the most recent work.
The regions affected by the myoclonus are very characteristic, and constitute in themselves a means of defining the syndrome. It is important to realize that, in all the structures which it may affect, the myoclonus may be entirely unilateral, or may, on the other hand, involve both sides of the body symmetrically. It is obvious that the cases of unilateral myoclonus which have been examined post mortem are of special value in enabling us to determine the site of the causative lesion.
Myoclonus of the soft palate is the most common form of the affection, and is that by which it is generally recognized.
The (so-called) " nystagmus of the soft palate is characterized by regularly recurring contractions, involving the entire body of the palate, which is the subject of abrupt, rhythmic, backward-and-forward and upward-and-downward movements. These movements are accompanied by simultaneous spasm of the pillars of the fauces, due to rhythmic contractions of the palato-pharyngeus and glosso-pharyngeus. There is also shortening of the uvula brought about by contraction of the glossopharyngeus. When the syndrome is unilateral, the faucial pillar involved approaches the mid-line and the uvula moves towards the sound side. The constrictor muscles of the pharynx are often involved.
Myoclonus of the muscles of the Eustachian tube and myoclonus of the muscles of the larynx are often associated with myoclonus elsewhere. Myoclonus of the muscles of the Eustachian tube is characterized by opening and shutting movements of the mouth of the tube. It is these movements that are responsible for a bruit, which is sometimes subjectively perceptible by the patient, sometimes audible at a distance. This bruit was noticed by Bernhardt and by Politzer, and was a marked feature in one of my patients at the Salpetriere.
Myoclonus of the muscles of the larynx shows itself by rhythmical movements of the arytenoid cartilages, which approach each other and pivot on their own axes. The vocal cords show synchronous movements of adduction. Sometimes these LProceedings, 1928 , 21, 553 (Sect. Neur., 13). 2 Ibid., 1931 . * Ibid., 1931, 27, 669 (Sect. Neur., 21). abnormal movements stop or diminish when the patient speaks, but often one remarks a curious abnormality of speech consisting in abrupt pauses in the middle of a word, or defective pronunciation of an isolated syllable. Only rarely does the speech become unintelligible. In certain cases regular contractions of the laryngeal muscles are clearly perceptible to the finger placed on the upper border of the cricoid cartilage.
Myoclonus of the muscles of the tongue and of the muscles in the floor of the mouth may also be observed. Klien, in two of his cases, attributes the movements of the tongue to contraction of the styloglossus. I have observed, along with other authors, contraction of the skin muscles, especially of those innervated by the lower branch of the facial nerve.
Involvement of the diaphragm can only be demonstrated by X-ray examination. To show clearly involvement of the left portion of the diaphragm, the following procedure, which I suggested, together with P. Mollaret, may be found useful. The patient is given a barium meal, and is put in the Trendelenburg position. By this means the left side of the diaphragm is outlined, and the myoclonic movements can easily be followed. Involvement of the intercostal muscles has been observed by Klien, and his observation has been considered to be unique. I have observed intercostal myoclonus in one of my patients.
The eyeballs may be involved in the myoclonic syndrome, but I wish to lay stress on the fact that the myoclonic movements are entirely distinct from the jerks of ordinary nystagmus. I have defined, along with P. Mollaret, the clinical features which enable us to differentiate between these two types of movement. The myoclonic movements are oscillatory, the range of excursion being more or less equal. The jerks are synchronous with the myoclonic movements occurring in other parts of the body and, like them, are rhythmic. They are sometimes perceptible by the patient, who then complains of seeing objects oscillating, while ordinary nystagmus is not perceptible subjectively. These myoclonic movements of the eyeballs are not influenced by the labyrinthine excitations provoked, if the central labyrinthine pathways are intact.
Myoclonus of the muscles of the neck, of the trunk, and of the limbs, has been observed in association with palato-pharyngo-laryngo-oculo-diaphragmatic myoclonus. It was present in the cases of Steward (1903) , of Freystadtl (1928), of Lhermitte, J. de Massary and J. 0. Trelles (1933) , and in a case which I reported with Thurel.
We must now proceed to define certain of the general features of this type of myoclonus.
As to the actual muscular contraction, its exact nature is still in doubt. According to Norman Leshin and Theodore Stone (1931), it consists of two successive movements of unequal duration. As we are dealing with striped muscle, it appears possible that the two phases of the muscular contraction should be unequal. It has never, however, been actually demonstrated, and the tracings obtained by different authors and by myself tend rather to give the impression of a muscle curve in which the upstroke and the downstroke are more or less equal. Perhaps in the future, slow-motion films or electromyographic tracings will enable us to obtain more exact information regarding the two phases of the muscular contraction. I may mention that in 1928 Ludo van Bogaert and Ivan Bertrand considered the possibility of there being an analogy between myoclonus and rhythmic tremor.
The muscular contractions have always the same rhythm in the same patient. Their rate varies from 80 to the minute in a case reported by Oppenheim, to 180 to the minute in a case reported by Spencer; the average rate is 120-130 contractions to the minute. The rhythm is constant, and no pharmacodynamic agent known to me can modify it. I have tried the effect of scopolamine, of stramonium, of physostigmine, of morphine, and of ergotamine tartrate, without observing any effect whatsoever 43 1033 Proceedings of the Royal Society of Medicine on the myoclonus. In one patient cicutine seemed to produce a slight diminution in the amplitude of the myoclonus of the soft palate, but the rhythm remained unchanged. Sleep does not appear to interrupt the myoclonus, although its effect is naturally very difficult to study. In one of our patients gentle palpation during sleep of easily accessible muscles, such as those of the larynx, revealed no alteration in the myoclonus. Sleep is, however, mentioned as having an inhibitory r6le, by Helsmoortel (Jr.) and Ludo van Bogaert (1933) .
Two things only appear to be capable of inhibiting myoclonus-(1) voluntary effort, and (2) paralysis.
The inhibitory effect of voluntary muscular contraction is present only in certain patients, and often only in the early stages of the condition. In the later stages the myoclonus seems to free itself gradually from the control of voluntary contraction. The advent of paralysis in the region involved by the myoclonus may diminish and even abolish the myoclonus. This is confined by a case reported by Orzechowski (1931). Orzechowski's patient had suffered for eighteen months from a rhythmic myoclonic syndrome at a rate of 130 to the minute, involving the soft palate, the superior constrictor of the pharynx, the intrinsic and extrinsic muscles of the larynx, the tongue, and the diaphragm. A year after the beginning of the affection facial paralysis and paralysis of the left vocal cord had appeared. The myoclonus had disappeared in these two regions, while persisting elsewhere. I think it is probable that the presence of paralysis explains the rarity of the myoclonic syndrome. Lesions of the brain-stem are common but are most often accompanied by paralytic phenomena. The myoclonus is thus prevented from showing itself and remains, so to speak, latent.
The synchronism of the myoclonus occurring in different parts of the body in the same patient is an essential feature of the syndrome. You will see it in the tracings which I am going to show you later. This synchronism is of interest from the point of view of pathogenesis for, as I pointed out along with P. Mollaret, it suggests the idea of supranuclear involvement. It can indeed be only in association centres that one can place the hypothetical metronome whose activity manifests itself in all parts of the body simultaneously.
Associated with the syndrome of palato-pharyngo-laryngo-oculo-diaphragmatic myoclonus we often find other symptoms, certain of which are of great localizing value, and which indicate the presence of lesions of the brain-stem. Crossed hemiplegia of the Millard-Gubler type, a pseudobulbar syndrome, paralysis of lateral movement of the eyes, cerebellar signs, giddiness, true nystagmus, and dissociated hemi-anaesthesia of the syringomyelic type have all been observed clinically.
The oetiology of the syndrome of rhythmic palato-pharyngo-laryngo-oculodiaphragmatic myoclonus is variable. It is seen at all ages, but is undoubtedly most common in people of over 50. In three-quarters of the cases, the lesions are of vascular origin, either a " lacunar state " or an infarcted area. Co-existence of the myoclonic syndrome with the pseudobulbar syndrome is often observed. The usual causes of arteriosclerotic change are responsible for these vascular lesions, and syphilis plays a causative part in certain cases.
The myoclonic syndrome has been reported as a sequela of epidemic encephalitis. This aetiology is far from frequent, and we may recall that the syndrome was described long before the outbreak of encephalitis lethargica.
Norman Leshin and Theodore Stone, Krebs, Puech and Lemoine, and Dereux, have observed the myoclonic syndrome in the course of disseminated sclerosis, while Mollaret and I have observed it in encephalomyelitis. In a case of Oppenheim and Siemerling there was an aneurysm of the vertebral artery; in a case of Wilson, a tumour in the region of the corpora quadrigemina; in a case of Oppenheim, a tumour 44 1034 of the cerebellum. Pfeiffer has reported it in a patient who had received a revolver bullet in the cerebellum. In considering all these possible aetiologies, one must take into account not only the original lesions, but also vascular and circulatory disturbances produced at a distance. I insist once more on the fact that in the great majority of patients suffering from the myoclonic syndrome the mesocephalic vascular system is sclerotic and defective. PATHOLOGY I am now going to consider particularly the pathological anatomy and physiology of the synchronous and rhythmic myoclonic syndrome. With Ivan Bertrand I have had the opportunity of carrying out an anatomical study of several cases at the Salpetriere, and I think these examinations have provided us with some new facts.
At the outset it must be remarked that there are very few useful anatomical reports on this subject in medical literature. For scientific purposes, we can admit only those cases in M-hich the cerebellum and the whole of the brain-stem have been examined by serial microscopic sections. It is not difficult to realize that only a very few such cases exist. The anatomical observations of Oppenheim and Siemerling, and of Klien are of no value, because they do not include serial sections.
We can eliminate immediately the hypothesis of a single nuclear or fascicular causal lesion, which is entirely without anatomical basis. Against this hypothesis w-e can argue the fact that these patients have no muscular atrophy and no degenerative disturbance of their electrical reactions. I think we must also reject the theory of Klien and the analogous theory of W. Freeman, who consider it as a disturbance of the centres of deglutition and of respiration. I also disagree with the opinion of W. Freeman that the myoclonic movements are miniature yawning movements.
The first anatomical work of importance wN-as carried out in France by Foix and his pupils, P. Hillemand and J. A. Chavany. This work has been reported by J. Gallet in a thesis inspired by Foix and presented at Paris in 1927. Foix noted in four cases involvement, in the posterior part of the pons, of the central tegmental tract (faiisceau central de la calotte) and of the reticular formation and its cells. He draws attention to the integrity of the motor nuclei of the medulla oblongata. Foix and Hillemand specify that any lesions of the posterior longitudinal bundle that may be present have nothing to do with the myoclonic syndrome, but that it is lesions of the central tegmental tract that must be taken into consideration. The lesions of the central tegmental tract bring about-as I showed, with Professor Pierre Marie in 1903-a degeneration of the homolateral olive.
I should mention incidentally that the upper origin of the central tegmental fasciculus is still disputed. Edinger, Obersteiner, Villiger, and Ranson believe in a thalamic origin, Bechterew in an origin in the neighbourhood of the 3rd ventricle, Morrison in a lenticulo-rubric origin, and Freeman in an origin in the substantia innominata of Reichert. The lower connexions of the central tegmental tract with the inferior olive are agreed upon by all authors.
An important article was published by Ludo van Bogaert and Ivan Bertrand in
1928. These workers had observed in a patient myoclonic jerks involving the right half of the soft palate, the right half of the pharynx, the larynx, the right side of the face, the orbicularis oris, the platysma, both domes of the diaphragm, and the eyeballs. Pathological examination revealed no focal lesion, no secondary degeneration of the central tegmental tract, and no lesion of the brain-stem nuclei or of the reticular substance. The following were the lesions noted by van Bogaert et Ivan Bertrand:
(1) Degeneration of the intraand extra-laminar feltwork of the right dentate nucleus (2) hypertrophic atrophy of the left inferior olive and of the accessory olives, with degeneration of the feltwork of fibres in and around the olives; (3) atrophy of the right superior cerebellar peduncle, of Wernekink's commissure and of the left red nucleus; (4) degeneration of the arcuate fibres and of the juxta-restiform body.
Throwing doubt on Foix's conception of the importance of the central tegmental tract in the setiology of myoclonus, van Bogaert and Bertrand emphasize the part played by the olivo-dentate system. They conclude that " rhythmic myoclonus can be brought about by lesions destroying anatomical structures situated at very different levels (the superior cerebellar peduncle, the reticular substance, the central tegmental tract) but that all these structures belong to a great functional system of which the inferior olives and the dentate nuclei represent the two essential synapses ". In 1930 the same authors published a further case (this time in a patient suffering from pseudobulbar paralysis) confirming these pathological conclusions.
When, in 1931, in connexion with several patients whom we had then under observation at the Salpetriere, I began to study the pathology of all cases published up to that time, it became clear that not one of them included an isolated lesion unaccompanied by secondary degeneration. We then decided that future anatomicoclinical investigations should be limited to the triangular area formed by the red nucleus, the central tegmental tract, the homolateral inferior olive, the olivo-dentate fibres going from the olive to the dentate nucleus of the other side, and, finally, by the dento-rubral fibres of the superior cerebellar peduncle.
W. Freeman (1933) , J. Lhermitte, G. Levy, and J. 0. Trelles (1933) have reported further pathological observations, showing multiple lesions and degenerations. These authors, however, inclined towards the theory of Foix regarding the part played by the central tegmental tract.
In 1933, along with P. Mollaret and Ivan Bertrand, I reported a case which I consider very important, and on which I wish to lay special stress. I had seen, in 1931, a patient aged 55, who showed a very widespread myoclonic syndrome, involving the soft palate, the larynx, the opening of the Eustachian tube, the vocal cords, the laryngeal muscles, the lower part of the face, the muscles in the floor of the mouth, the intercostal muscles, the diaphragm, and the eyeballs. The myoclonus was bilateral, rhythmical, at the rate of 120 to the minute, and regularly synchronous. As the blood Wassermann reaction was positive, syphilis had to be considered as an .etiological factor. The patient died in 1932. The anatomical lesion in this case was remarkably well defined, involving exclusively the two olivo-dentate systems. The involvement of the olives was most marked at the level of the caudal part of the principal olivary nucleus-the part which we know to have a neo-cerebellar origin. The myelin network in and around the olivary lamina had almost entirely disappeared. The ganglion cells were diminished in number and showed vacuolar degeneration and nuclear division. The vessels of the olivary region showed lipoid and pigmentary masses resulting from the breaking-up of the parenchyma and also intense perivascular inflammatory reactions. The olivo-dentate fibres and the dentate nuclei were also involved. The latter showed degeneration of the extra-laminar feltwork and an abnormal increase of cells. All other parts of the cerebellum and of the brain-stem were intact. I emphasize the fact that the red nucleus, the central tegmental tract, and the posterior longitudinal bundle were absolutely normal.
This anatomico-clinical case appears to me to be particularly important, and I consider that the olivary lesions observed deserve attention.
Indeed, when one considers the reports of all the cases of myoclonus of the soft palate in which serial microscopic sections have been made, one finds that olivary lesions were present in almost all of them. Thus, olivary lesions were present in the four cases of Foix, Chavany and Hiliemand (1926) , in van Bogaert's case (1926) , in the cases of van Bogaert and Ivan Bertrand (1928 and 1932) , in Freeman's two personal cases (1933) , in Shugrue's unpublished case, which is mentioned by Freeman, and lastly in the case reported by Lhermitte, G. L6vy, and J. 0. Trelles (1933) . J. Lhermitte and J. Drouzon (1937) have reported a case of myoclonus of the soft palate, tongue, lips, and eyeballs, in which the causal lesions were limited to the dentate nuclei and to the inferior olives. This olivary involvement is seen to be present in Klien's two cases, which are often quoted as examples of the effect of a purely cerebellar lesion. Compared with these cases, all of which show multiple lesions, our case appears remarkably pure.
Cases of myoclonus brought about by a lesion of the central tegmental bundle can be explained as being due to secondary olivary lesions.
Perhaps future research will prove that involvement of the olivo-dentate system does not have to be complete for the myoclonic syndrome to appear, and that the lesion may be situated at either the cerebellar or the medullary end of the system.
As for the pathological physiology of the dentate nucleus, we may recall that it contains two orders of synapses. In the myoclonic syndrome which we have been studying, it is the peripheral fibres that are involved. On the other hand, the hilus, which is in connexion with the superior cerebellar peduncle, seems to have an influence in the pathogenesis of true skeletal myoclonus and of tremors of the limbs. Thus, one of our patients-whose case I reported, in 1933, with R. Thurel and I. Bertrandshowed palato-pharyngo-laryngo-oculo-diaphragmatic myoclonus associated with synchronous skeletal myoclonus. Pathological examination of this case gave us an opportunity of seeing the two groups of lesions occurring together. On the one hand there was degeneration of the olive and of the olivo-dentate fibres, on the other hand there was a lacunar lesion involving the posterior half of the corresponding dentate nucleus and the origin of the homologous superior cerebellar peduncle. In another case reported in 1934 with I. Bertrand and J. Lereboullet, in which the only clinical abnormality was myoclonus of the muscles of the limbs, pathological examination showed only a small infarct of the dentate nucleus, the olivo-dentate fibres being intact.
The nature of the olivary lesions in the myoclonic syndrome may also be of importance. The cellular lesions observed are not those of ordinary degeneration, but are hypertrophic in type. J. Lhermitte and J. 0. Trelles have very rightly emphasized this hypertrophy of the olivary cells, the hypertrophy of the cytoplasm and of the dendrites, and the marked proliferation of the astrocytes. I shall conclude this anatomo-physiological study by remarking on a recently observed fact, namely, that the myoclonus occurs on the opposite side to the olivary lesion. Our knowledge of this fact is based on observations made by W. Freeman and by ourselves. The rhythmic myoclonic syndrome is homolateral with regard to the dentate nucleus and contralateral with regard to the olive. CONCLUSION I have endeavoured in this paper to bring together the results of anatomico-clinical research on the rhytnmic and synchronous palato-pharyngo-laryngo-oculodiaphragmatic syndrome. Fifteen or twenty years ago the myoclonic syndrome was scarcely mentioned in any of the textbooks of neurology in international literature. Very material progress has been made.
I consider that the inferior olives are nervous structures of real importance. Research work has already been carried out in numerous laboratories on the comparative anatomy, the physiology, and the ontogenesis of the olivary system, on its connexions with the paleo-cerebellum and with the neo-cerebellum, on its connexions with the dentate nuclei, with the tegmentum of the pons and the mid-brain, and with the pallidum. The olives undoubtedly play a special part in the conduction and
